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Abstrat
A weak photon interation with the hidden setor of the Universe, introdued reently to
realize a "photoni portal" (to suh a hypotheti setor responsible for old dark matter), is
onjetured to be embedded in a more extended weak interation displaying eletroweak sym-
metry spontaneously broken by the Standard-Model Higgs mehanism. This is a hypotheti
new weak interation between hidden and Standard-Model setors of the Universe, appearing in
our model in addition to the onventional eletroweak interation ating in the Standard-Model
setor.
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May 2009
1. Introdution
In a reent work [1℄, we disussed a model of a hidden setor of the Universe onsisting
of sterile spin-1/2 fermions ("sterinos") and sterile spin-0 bosons ("sterons") interating
weakly through the mediation of sterile quanta of an antisymmetri-tensor eld Aµν ("A
bosons"), but with a stronger oupling than through the universal gravity. It is assumed
that, after the eletroweak symmetry SU(2)× U(1) of Standard Model is spontaneously
broken by the Standard-Model Higgs mehanism, these sterile partiles of hidden setor
an ommuniate with the Standard-Model setor through the eletromagneti eld Fµ ν =
∂µAν − ∂νAµ weakly oupled (in pair with the steron eld ϕ) to the A boson eld Aµν :
− 1
2
√
fϕFµνA
µ ν
(1)
("photoni portal" to the hidden setor responsible for old dark matter). Here, the eld
Aµν is nongauge and has dimension one, in ontrast to the gauge eld Fµν of dimension
two. It provides two kinds of spin-1 quanta with parity − and + , expeted to dene
a large mass sale M . Also the sterino eld ψ is assumed to be oupled to the sterile
mediating eld Aµ ν :
− 1
2
√
f ζψ¯σµ νψA
µν . (2)
In Eqs. (1) and (2),
√
f and
√
f ζ are two dimensionless oupling onstants (f > 0),
expeted to be small, so that the interations (1) and (2) are onsidered as weak.
We an see that the eletromagneti eld (Aµ or Fµν = ∂µAν−∂νAµ) partiipates here
in two dierent interations: the Standard-Model eletromagneti interation −jµAµ with
jµ denoting the Standard-Model eletri urrent and a new weak nongauge interation
(1) (both are eletromagnetially gauge invariant, the rst due to the eletri harge
onservation ∂µj
µ = 0, the seond expliitly beause of the dependene on Fµ ν .
Note that the phenomenon of dierent interations for the same partiles is rather
typial in partile physis, leading usually to the interation uniation. For instane,
leptons and quarks display, in addition to universal gravity, two and three phenomeno-
logially dierent interations, respetively, unied at high energies into spontaneously
broken eletroweak symmetry of Standard Model and, possibly, into suh symmetries of
GUTs.
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For the steron eld ϕ appearing, in partiular, in the interation (1), the expansion
ϕ =<ϕ>vac +ϕph (3)
is onjetured, where <ϕ>vac 6= 0 and ϕph are a spontaneously nonzero vauum expetation
value of ϕ and the physial steron eld, respetively. The value <ϕ>vac 6= 0 an be used
to generate spontaneously masses of all sterile partiles: sterinos, sterons and A bosons
[1℄.
Due to the interations (1) and (2), the elds Fµν and Aµν satisfy in the presene of
hidden setor the "supplemented Maxwell's equations"
∂ν(Fµ ν +
√
f ϕAµν) = −jµ , Fµν = ∂µAν − ∂νAµ (4)
and
(−M2)Aµ ν = −
√
f (ϕFµ ν + ζψ¯σµ νψ) . (5)
In the ase of small momentum transfers versus a large mass saleM , the eld equation
(4) and interation (1) imply approximately the eetive Fermi-like oupling (involving
the eld pairs ϕFµν and ψ¯σµνψ):
− 1
4
f
M2
(
ϕFµν + ζψ¯σµνψ
) (
ϕF µν + ζψ¯σµνψ
)
, (6)
where its ross term (with ϕ =<ϕ>vac)
− fζ <ϕ>vac
2M2
ψ¯σµνψF
µν
(7)
shows that sterinos get a small magneti moment
µψ ≡ fζ <ϕ>vac
2M2
(8)
spontaneously generated by <ϕ>vac 6= 0. Of ourse, they remain eletrially neutral, as
the orretion
δjµ ≡ ∂ν(
√
f ϕAµν) (9)
to the eletri urrent in Eq. (4) gives a zero orretion
2
δQ ≡
∫
d 3xδj0 =
∫
d 3x∂ l(
√
f ϕA0l) = 0 (10)
to the eletri harge Q =
∫
d3xj0.
We should like to observe from Eqs. (3) and (6) that due to <ϕ>vac6=0 a phenomenon of
nite additional renormalization ("primordial renormalization") [1℄ appears in this model.
It is important to note that the interation (1), working after the spontaneous break-
down of eletroweak symmetry, breaks by itself this symmetry expliitly if it is introdued
to the total Lagrangian from the very beginning (before the symmetry breakdown). This
may not be a satisfatory feature of our model. Therefore, in the next Setion, we will
try to embed our weak photon interation (1) in a more extended form, preserving the
eletroweak symmetry before it is spontaneously broken by the Standard-Model Higgs
mehanism. In onsequene of this reonstrution, however, our model shall hange a lot.
In partiular, in plae of steron eld ϕ there will appear four salar elds ϕ+, ϕ−, ϕ0 and
ϕ realizing a redued quartet (3 + 1) × 1 of the eletroweak symmetry SU(2) × U(1) (a
salar analogy of W+µ ,W
−
µ ,W
0
µ and Bµ).
2. "Photoni portal" embedded in the eletroweak symmetry
Now, in addition to the weak sterino interation (2), let us onsider (in plae of the
weak photon oupling (1)) the following more extended form preserving the eletroweak
symmetry before it is spontaneously broken by the Standard-Model Higgs mehanism:
− 1
2
(√
f
∑
i
ϕiW
µν
i +
√
f ′ ϕBµν
)
Aµν , (11)
where
W µνi = ∂
µW νi − ∂νW µi + g
∑
j k
εi j kW
µ
j W
ν
k , B
µν = ∂µBν − ∂νBµ (12)
and, after spontaneously breaking the eletroweak symmetry,
W µ1 =
1√
2
(
W+µ +W−µ
)
, W µ2 =
1
i
√
2
(
W+µ−W−µ) , W µ3 =W 0µ=cos θwZµ−sin θwAµ ,
Bµ = sin θwZ
µ+cos θwA
µ , (13)
while
3
ϕ1 =
1√
2
(
ϕ+ + ϕ−
)
, ϕ2 =
1
i
√
2
(
ϕ+ − ϕ−) , ϕ3 = ϕ0 (14)
and ϕ are four salar elds transforming under the eletroweak symmetry SU(2)× U(1)
as a redued quartet (3+1)× 1. Here, e = g sin θw = g′ cos θw > 0, whereas
√
f and
√
f ′
are two dimensionless oupling onstants (f > 0 and f ′ > 0) presumed to be small.
Then, inserting Eqs. (13) and (14) into the interation (11), we obtain after the
spontaneous breaking of eletroweak symmetry that
− 1
2
(√
f
∑
i
ϕiW
µν
i +
√
f ′ϕBµν
)
Aµν
= −1
2
√
fϕ−
[
∂µW+ν − ∂νW+µ − ig (W+µW ν3 −W µ3 W+ν)]Aµν
−1
2
√
fϕ+
[
∂µW−ν − ∂νW−µ + ig (W−µW ν3 −W µ3 W−ν)]Aµν
−1
2
[√
f (Z)ϕ(Z)Zµν+
√
f (A)ϕ(A)F µν+
√
figϕ3
(
W+µW−ν−W−µW+ν)]Aµν ,
(15)
where
Zµν = ∂µZν − ∂νZµ , F µν = ∂µAν−∂νAµ (16)
and
f (Z) ≡ f cos2 θw + f ′ sin2 θw , f (A) ≡ f sin2 θw + f ′ cos2 θw , (17)
while
√
f (Z)ϕ(Z) ≡
√
f cos θwϕ3 +
√
f ′ sin θwϕ ,√
f (A)ϕ(A) ≡ −
√
f sin θwϕ3 +
√
f ′ cos θwϕ . (18)
If it happens that f = f ′, then f (Z) = f (A) = f = f ′ and
ϕ(Z) ≡ cos θwϕ3 + sin θwϕ , ϕ(A) ≡ − sin θwϕ3 + cos θwϕ (19)
are the same linear ombinations as those for W µ3 and B
µ
in the Standard-Model mixing
4
Zµ = cos θwW
µ
3 + sin θwB
µ , Aµ = − sin θwW µ3 + cos θwBµ . (20)
In this ase, the onjeture
f = f ′ = e2 (21)
with e2 = 4piα ≃ 0.0917 would be intriguing. Then, f (Z) = f (A) = e2.
If f 6= f ′ distintly, then another option f ′/f = (g′/g)2 = tan2 θw might work, implying
f (Z) = 2f sin2 θw cot
2 2θw and f
(A) = 2f sin2 θw, and hene f
(A)/f (Z) = tan2 2θw. In
addition, if f = g2, then f sin2 θw = e
2
and so, f (Z) = 2e2 cot2 2θw and f
(A) = 2e2.
We an see that in the hypotheti new weak interation (15) there is embedded the
oupling
− 1
2
√
f (A) ϕ(A)F µνAµν (22)
of eletromagneti eld F µν = ∂µAν−∂νAµ, displaying the eletroweak symmetry spon-
taneously broken by the Standard-Model Higgs mehanism (modied "photoni portal"
to the hidden setor). In the formal limit of sin θw → 0, the oupling (22) returns to its
previous form (1) whih dened originally the "photoni portal" (then f ′ denotes f and
vie versa, while ϕ is identied with the previous steron eld ϕ).
Note that now a nonzero vauum expetation value <ϕ(A)>vac 6= 0 an generate the
sterino magneti moment
µψ ≡
√
f (A)f ζ <ϕ(A)>vac
2M2
, (23)
if the oupling
√
f (A)f ζ <ϕ(A)>vac
2M2
ψ¯σµ νψF
µν
(24)
is invoked, following approximately (for small momentum transfers and with ϕ(A) =
<ϕ(A)>vac) from the interations (2) and (22).
We assume in our model that only the vauum expetation value of Standard-Model
neutral Higgs boson breaks spontaneously the eletroweak symmetry. Then, it must be
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<ϕ3>vac=0 for nonsterile ϕ3, while it an be that <ϕ>vac 6=0 spontaneously for sterile ϕ,
sine <ϕ>vac 6=0 does not violate this symmetry (ϕ is sterile, as it gets zero weak isospin
and zero weak hyperharge, so it displays no Standard-Model gauge harges). In suh an
option, where ϕ+, ϕ−, ϕ3 are not an additional Higgs boson multiplet,
√
f (Z) <ϕ(Z)>vac=√
f ′ sin θw<ϕ>vac 6=0 and
√
f (A)<ϕ(A)>vac =
√
f ′ cos θw <ϕ>vac 6=0.
A nonzero vauum expetation value < ϕ >vac 6= 0 (implying < ϕ(Z) >vac 6= 0 and
<ϕ(A)>vac 6= 0) an be also used to generate spontaneously masses for nonsterile par-
tiles desribed by ϕ+, ϕ−, ϕ3 as well as sterile partiles orresponding to ψ, ϕ,Aµν (in
plae of ϕ3 and ϕ, the relevant physial elds are rather ϕ
(Z)
and ϕ(A)).
In our model, the salar elds ϕ+, ϕ−, ϕ3 and ϕ are assumed not to be oupled diretly
to the Standard-Model Higgs salars (so, they annot provide the "Higgs portal" to the
hidden setor [2℄). On the other hand, ϕ+, ϕ−, ϕ3 an partiipate in the onventional
Standard-Model eletroweak interation with the gauge bosons W+,W−,W3 (ϕ
+, ϕ−, ϕ3
as well as ϕ annot be oupled in the Standard Model to the gauge boson B, sine all of
them get zero weak hyperharge). Thus, making use of the minimal gauge oupling, we
an write the following eletroweak interation for ϕ+, ϕ−, ϕ3:
− g
∑
k lm
ϕl(−i)εk lmi∂µϕmW µk +
1
4
g2
∑
k l
∑
mnp
ϕm(−i)εkmn(−i)εl n pϕpWk µW µl , (25)
where W µi and ϕi are given as in Eqs. (13) and (14). Here, the weak isospin is desribed
by three matries tk = (−iεk lm).
Then, after the spontaneous breaking of eletroweak symmetry, we obtain for the rst
term in Eq. (25)
− g
∑
k lm
ϕl(−i)εk lmi∂µϕmW µk
=−g (ϕ−i∂µϕ3 − ϕ3i∂µϕ−)W+µ + g (ϕ+i∂µϕ3 − ϕ3i∂µϕ+)W−µ
+g cos θw
(
ϕ−i∂µϕ
+ − ϕ+i∂µϕ−
)
Zµ − e (ϕ−i∂µϕ+ − ϕ+i∂µϕ−)Aµ,(26)
where g = e/ sin θw and g cos θw = e cot θw, while ϕ3 =
√
f (Z)/f cos θwϕ
(Z)−
√
f (A)/f sin θwϕ
(A)
due to Eqs. (18). Here, the eletri urrent of ϕ+ and ϕ− is j
(ϕ)
µ = e(ϕ−i∂µϕ
+−ϕ+i∂µϕ−).
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Note nally that due to the interation (15) the nonsterile salar bosons ϕ± and ϕ
(Z)
ph
are likely to be unstable, deaying intoW± and Z, respetively, and a virtual A boson that
in turn transits into a real photon due to the oupling (22) (with ϕ(A) =<ϕ(A)>vac 6= 0):
ϕ± →W±A∗ →W±γ , ϕ(Z)ph → ZA∗ → Zγ (27)
(if mϕ± > MW and mϕ(Z) > MZ). Similarly, for the nonsterile salar boson ϕ
(A)
ph we infer
from the interation (15) and the oupling (22) (with ϕ(A) =<ϕ(A)>vac 6= 0) that
ϕ
(A)
ph → γA∗ → γγ (28)
(always mϕ(A) > 0), what makes ϕ
(A)
ph unstable. Here, generially, ϕ
(Z,A) =<ϕ(Z,A)>vac
+ϕ
(Z,A)
ph .
In ontrast to the neutral salar bosons desribed by ϕ(Z) and ϕ(A) (involving steron
eld ϕ in their wave struture), sterinos orresponding to ψ are in our model always
stable (at least, their lowest generation, if there are more than one). They may onstitute
the old dark matter as their thermal reli. They an annihilate in sterino-antisterino
pairs, for instane, as ψ¯ψ → A∗ → γ∗ → e+e−. The sterile mediating bosons A are here
unstable, deaying, for example, as A → γ∗ → e+e− [1℄ (always M > 2me) and also
as A → ϕ(A)ph γ and A → ψ¯ψ, if M > mϕ(A) and M > 2mψ, respetively. They an be
produed, in partiular, in the inelasti Compton sattering e−γ → e−γ∗ → e−A at high
energies.
3. Conlusion
In the model of hidden setor presented in this note, in addition to the onventional
Standard-Model eletroweak interation, there appears a hypotheti new weak interation
between hidden and Standard-Model setors of the Universe, preserving primarily the
eletroweak symmetry and violating it eventually. After the spontaneous breaking of
this symmetry by the Standard-Model Higgs mehanism, the new interation realizes a
"photoni portal" to the hidden setor of the Universe, embedded in the spontaneously
broken eletroweak symmetry.
Sine photon oupling dominates in eetive eletroweak interations in the Standard-
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Model setor, the "photoni portal" introdued in our model dominates in eetive in-
terations between hidden and Standard-Model setors. This portal is narrow beause of
the large mass sale M of sterile mediating bosons A.
Nowadays, more and more ontents of partile physis ome from partile astrophysis
and osmology that in a natural way are expeted to be interested in the hypotheti hidden
setor of the Universe as an option (e.g. Weinberg's reent book [3℄ illustrates the growing
role of osmology in modern physis). Sine astrophysial observations are predominantly
based on the detetion of osmi eletromagneti radiation and osmi rays of various sorts
(with a minor, though exiting, role played by reent diret-detetion experiments on old
dark matter), the existene of a "photoni portal" to the hidden setor, onjetured in a
previous work [1℄ and developed in the present note, may be an attrative hypothesis.
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